M edical professionals and laypeople alike understand the fact that people with diabetes are at increased risk for serious medical complications such as cardiovascular disease, kidney disease, peripheral neuropathy, and lower extremity amputations. 1 However, I have observed that many people, including people with diabetes and the rehabilitation health providers treating them, are not aware of a large body of evidence linking diabetes with increased risk for numerous musculoskeletal impairments and complications. 2 These impairments are apparent in type 1 diabetes (due to beta cell destruction, usually leading to absolute insulin deficiency) and type 2 diabetes (due to progressive loss of insulin secretion on the background of insulin resistance). The purpose of this point of view is to highlight the musculoskeletal impairments that are exacerbated, or potentially even caused, by metabolic disorders associated with diabetes. This article will focus on those musculoskeletal impairments most often encountered by physical therapists and other rehabilitation practitioners, describe the systemic condition of limited joint mobility, and briefly outline a likely mechanism for musculoskeletal impairments. Finally, the article will briefly provide clinical and research implications for those in rehabilitation working with this population.
Common Musculoskeletal Problems in People With Diabetes
Metabolic dysfunctions clearly leave people with diabetes at high risk for developing musculoskeletal pain and impairments. In a large Danish study that compared patients with type 2 diabetes (nϭ951) directly with age-, sex-, and region-matched control participants (nϭ22,923), the patients with diabetes were 1.7 to 2.1 times more likely to report musculoskeletal pain compared with those without diabetes. 3 Consistent with this high risk for musculoskeletal disorders, the group with diabetes reported high incidences of shoulder or neck pain (52%); low back pain (60%); and arm, hand, knee, or hip pain (71%). 3 Furthermore, people pursuing physical therapy for musculoskeletal pain and impairments often have a secondary diagnosis of diabetes or have risk factors for diabetes. Although people with diabetes make up about 9% of the total population in the United States (21 million diagnosed and 8.1 million undiagnosed Americans), Kirkness et al 4 reported that approximately 80% of the 52,667 patients referred for physical therapy as part of the national primary care electronic medical record database had diabetes, prediabetes, or risk factors associated with diabetes. This same report indicated that the majority of physical therapy visits from this population were for musculoskeletal-related conditions. Musculoskeletal complications of diabetes in the upper extremity have been well documented. Larkin et al 5 reported that 66% of participants of a large diabetes trial (Nϭ1,217) had cheiroarthropathy, defined as the development of periarticular thickening of skin on the hands and limited joint mobility. Participants with type 1 diabetes were classified as having cheiroarthropathy if they showed adhesive capsulitis, carpal tunnel syndrome, flexor tenosynovitis, or a "positive prayer sign" using a targeted medical history and standardized physical examination. 5 The positive prayer sign can be used as an indicator of systemic limited joint mobility problems and is defined as an inability to approximate interphalangeal joints of the hand when pressed together (Figure) . 6 Likewise, in a group of participants with type 2 diabetes attending a diabetes center, Shah et al 7 reported that 63% (149/236) had shoulder pain or disability as measured with the Shoulder Pain and Disability Index (SPADI) (median SPADI scoreϭ10, interquartile rangeϭ0.0 -39.6). In another recent, larger study, Mustafa et al 8 reported that 69.5% of patients (nϭ1,000) with type 2 diabetes had hand disorders, with limited joint mobility ( Figure) being the most prevalent condition (63%). Dupuytren contracture, trigger finger, and carpal tunnel syndrome are other musculoskeletal disorders of the hand that have high incidences in people with diabetes. 2, 5, 8 As noted above, limited joint mobility was first observed in the hands and described as the positive prayer sign (Figure) . 6 The incidence of a positive prayer sign varies widely (30%-76%) depending on the diabetes duration and control of the study participants, but recent articles report rates of 63% compared with an expected rate of 4% to 20% in people without diabetes. 2, 7 In addition to the upper extremity, limited joint mobility also is well documented in the talocrural, subtalar, and metatarsophalangeal joints of the feet of people with diabetes and especially those with peripheral neuropathy. 9,10 Skin and joints of the feet become less flexible and less sensitive to pain and pressure, develop faulty movement patterns, and are less able to distribute stresses. [11] [12] [13] This combination of limited joint mobility and neuropathy in the feet of people with diabetes is especially problematic because of their established risk factors for lower extremity amputation. 13 Limited joint mobility has been best documented and described in the relatively small joints of the hands and feet, likely because limitations are more noticeable and more easily measured compared with the larger, more proximal joints. However, there is growing evidence for an insidious reduction of mobility in larger, more proximal joints, including the hip and shoulder joints, of people with diabetes. 7, 14, 15 This gradual and insidious loss of glenohumeral motion may be a precursor to more severe shoulder problems. The high incidence of severe shoulder problems such as adhesive capsulitis in people with diabetes is well documented. As one example, Milgrom et al 16 reported that men and women with diabetes had a risk ratio of 5.0 to 5.9 (95% confidence intervalϭ3.3, 7.5; PϽ.001) for developing idiopathic frozen shoulder compared with those without diabetes. Because of the systemic influence of diabetic complications on collagen tissues (described below), limited joint mobility likely affects every joint in the body, not just the hands, feet, and shoulder joints, where its effects have been best documented.
Possible Mechanisms for Musculoskeletal Disorders in People With Diabetes
Although there are several possible mechanisms, a primary mechanism for musculoskeletal complications observed in people with diabetes appears to be the formation of nonenzymatic advanced glycation end products (AGEs) and AGE receptors (RAGEs) in collagen-rich structures. 15, [17] [18] [19] These AGEs form in all people and generally accumulate in various tissues with aging. 15, 19 However, AGEs and RAGEs form at a much faster rate and accumulate more in people with diabetes compared with those without diabetes. 15, 18 In people with diabetes, the excessive glucose condenses with metabolic intermediates to form AGEs, which are broken down only when the metabolic intermediates degrade. These AGEs generally accumulate with duration and severity of the disease state (ie, lack of glycemic control). 5,17 These metabolic disorders associated with diabetes are systemic, with the potential to affect every cell in the body. Advanced glycation end products, such as pentosidine, and RAGEs tend to accumulate, however, in tissues with low-protein turnover such as tendons, ligaments, and skin. 17, 20, 21 The tissues tend to become thicker, stiffer, weaker, and more susceptible to injury. 20, 22 Although there is conflicting evidence in some studies, some reports have shown increased thickness or injury of collagenrich tissues such as the Achilles tendon, the plantar fascia, the long head of the biceps tendon and supraspinatus tendon, fibrous contractures, and dense collagen matrix in the joint capsules. 15, 20, 23 These changes, which leave tissues thick, stiff, and weak, contribute to systemic limited joint mobility and increased risk for the types of musculoskeletal disorders described above. The AGE-RAGE mechanism leads to increased production of reactive oxygen species, which can result in increased inflammation. 19 This elevated inflammatory status from excessive AGEs and RAGEs in individuals with diabetes may manifest in complaints of pain. 3, 5, 23, 24 Recent articles 5,23 have shown a direct relationship between levels of AGEs estimated in the skin (using skin intrinsic fluorescence) and shoulder impairments, pain, and disability.
Diabetes and its metabolic complications have a direct effect on skin, nerve, muscle, bone, and fat, which, in turn, affects musculoskeletal disorders in this population. 9 -24 Peripheral neuropathy occurs in up to 50% of patients with diabetes and causes muscle weakness and atrophy in the foot and ankle muscles. [25] [26] [27] Indeed, some evidence indicates that elevated AGEs may be a common mechanism of both limited joint mobility and neuropathy. 28, 29 Peripheral neuropathy can result in a profound infiltration of adipose tissue between the muscle fibers known as intermuscular adipose tissue. This pathological adipose tissue may have detrimental effects beyond the obvious loss of lean muscle tissue and has been associated with substantial weakness, foot deformity, and loss of physical function. [25] [26] [27] Even apart from peripheral neuropathy, obesity and diabetes can negatively affect muscle and muscle function, with increased fat infiltration and reduced ability to generate force (ie, decreased strength). 30, 31 These sarcopenic changes, which also have been associated with high AGE and RAGE levels, can result in reduced ability to generate force and likely impair basic mobility functions such as stair climbing and even walking. 30 -32 Figure.
Positive prayer sign used as a screen for limited joint mobility. Individuals unable to approximate hands when asked to press them together, indicating limited joint mobility in the interphalangeal joints (ie, limited joint motion throughout their body) that often is an indicator of systemic limited joint motion.
Point of View: Musculoskeletal Impairments Complications in Diabetes Implications
A primary implication from this point of view is that all physical therapists and rehabilitation specialists should be aware that their patients with diabetes, especially those with a duration of 10 years or more or in poor glycemic control, likely have one or more musculoskeletal complications. Clinicians should be aware that metabolic disorders such as diabetes are associated with elevated levels of AGEs or RAGEs that can make tissues less tolerant of physical stress. In other words, these metabolic by-products, which are known to make tissues thicker, stiffer, and weaker, 20 can be a physiological factor that likely lowers the threshold of tissue injury. 33 Therefore, at the same level of stress, these tissues with a higher saturation of glycated by-products likely will be injured more easily than tissues with low AGE levels, hence the higher incidence of musculoskeletal disorders in people with diabetes.
Patients with diabetes should be educated that not only is good control of their blood glucose levels important to minimize complications such as cardiovascular disease and peripheral neuropathy, 34 but it also is likely critical to help minimize musculoskeletal complications. I believe that physical therapists should routinely ask their patients with diabetes to identify their most recent hemoglobin A1c value. Hemoglobin A1c reflects average glycemia over several months and has strong predictive value for diabetes complications. The current hemoglobin A1c target fostered by the American Diabetes Association for adults with diabetes who are not pregnant is Ͻ7.0% (53 mmol/mol). 35 Patients with hemoglobin A1c values considerably higher (ie, Ͼ8.0) can be encouraged to follow up with their physician for management. Given that tailored and appropriate exercise is critical for proper management of diabetes 34 and that physical therapists are experts at exercise in pathological conditions, especially in people with musculoskeletal impairments, physical therapists are in an optimal position to help this growing population manage their chronic disease, its complications, and subsequent movement impairments.
Additional research is needed to better understand the links among diabetes, elevated glucose levels, AGE and RAGE levels, neuropathy, musculoskeletal impairments, and movement impairments and what can be done to minimize these musculoskeletal complications. Investigations in this area have been challenging, perhaps because other complications of diabetes have been viewed as more life-threatening and perhaps more important. Indeed, complications such as cardiovascular disease deserve full attention due to the heightened risk of stroke or myocardial infarction. However, complications affecting the joints and muscles and leading to musculoskeletal disorders and reduced physical mobility represent a substantial burden to morbidity and quality of life in this population. Research efforts are needed to better understand how (1) general aerobic, resistive, and flexibility exercises and (2) specific therapeutic, impairmentbased interventions can help to reduce musculoskeletal complications in this high-risk population. Because a substantial portion of the underlying cause of these musculoskeletal complications appears to be systematic, the best treatment approaches to ensure long-term and sustainable benefits likely will need to include interdisciplinary, systemic interventions. From a rehabilitation and prevention standpoint, a complete intervention likely would include instruction on appropriate physical activity level and nutritional status. Additional research also is needed to better understand how pharmaceutical interventions may help to reduce AGE and RAGE levels and subsequent musculoskeletal complications.
In summary, people with diabetes are at elevated risk of developing musculoskeletal impairments. Health care practitioners should be aware that this metabolic disorder can make their patients more susceptible to musculoskeletal injury and, in some situations, less responsive to treatment. The incidence of shoulder and hand problems is particularly elevated in people with diabetes, but essentially all musculoskeletal disorders appear to be more frequently seen in this population compared with those without diabetes. Additional research is needed to understand the links between these musculoskeletal impairments and what can be done to manage and even prevent them from occurring. The author thanks Dr David Sinacore and Dr Mary Hastings for their review and suggestions for the final version of the manuscript.
